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Summary
Objective: To investigate the effects of mucopolysaccharide induction after treatment by low power laser for experimental osteoarthritis (OA).
Methods: Seventy-two rats with three different degrees of papain induced OA over right knee joints were collected for heliumeneon (HeeNe)
laser treatment. The severity of induced arthritis was measured by 99mTc bone scan and classiﬁed into three groups (IeIII) by their radioac-
tivity ratios (right to left knee joints). The rats in each group were further divided into study subgroups (Is, IIs, and IIIs) and control subgroups
(Ic, IIc, and IIIc) randomly. The arthritic knees in study subgroups received HeeNe laser treatment, and those in controls received sham laser
treatment. The changes of arthritic severity after treatment and follow-up 2 months later were measured. The histopathological changes were
evaluated through light microscope after disarticulation of sections (H.E. stain), and the changes of mucopolysaccharide density in cartilage
matrix were measured by Optimas scanner analyzer after Alcian blue (AB) stain. The densities of mucopolysaccharide induced after treatment
in arthritic cartilage were compared and correlated with their histopathological changes.
Results: The density of mucopolysaccharide rose at the initial stage of induced arthritis, and decreased progressively in later stages. The den-
sities of mucopolysaccharide in treated rats increased upon complete laser treatment more than those of the controls, which is closely related
with the improvement in histopathological ﬁndings, but conversely with the changes in arthritic severity.
Conclusion: HeeNe laser treatment will enhance the biosynthesis of arthritic cartilage, and results in the improvement of arthritic histopath-
ological changes.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) is characterized in its earliest stages by
a loss of matrix with a preferential loss of proteoglycans1,2.
The mechanism by which proteoglycan matrix is depleted is
basic to the understanding of how cartilage is lost3. Venn
et al.4 suggest that there is an increase in the synthesis
of proteoglycans with a net reduction in the glycosaminogly-
cans in osteoarthritic cartilage. Cs-Szabo et al.5 and Poole
et al.6,7 suggest that synthesis is increased until histological
evidence of disease is advanced and then synthetic ability
decreases. In any case, the loss of cartilage substance in-
dicates that degradation must be occurring faster than syn-
thesis. In the cartilage matrix, acidic mucopolysaccharides
(Chondroitin sulfate) are responsible for holding collagen ﬁ-
bers together in the cartilage to ensure the integrity of car-
tilage. Loss of acidic mucopolysaccharides in the ground
substance of the cartilage will enhance the degenerative
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charide synthesis could be facilitated (and faster than deg-
radation through an effective treatment) the chondrocytes
will further be protected, and the repair of arthritic cartilage
becomes possible.
Low level laser therapy (LLLT) has been a wide spectrum
of applications in medicine. During the previous decades,
attention has been focused on the effects of laser photosti-
mulation on a variety of pathological conditions including
wounds, musculoskeletal complications, and pain controls.
Clinical studies have shown LLLT to be as effective as an-
algesics and to accelerate the healing of injured tissue, and
having recently been adopted in North America, is a nonin-
vasive therapy that was added to medicine and physiother-
apy in the treatment of rheumatoid arthritis (RA) and OA
for joint pain control and functional improvement8,9. In
bioeffects of LLLT, Tsurko et al. reported that following
heliumeneon (HeeNe) radiation of RA joints, there was
histological evidence of a reduction in synovial tissue
inﬂammation with an associated increase in ﬁbrosis10.
Herman and Khosla11 reported that the in vitro effects of
Nd:YAG laser radiation on the cartilage metabolism result
in the repair of articular cartilage.
There has been increasing recognition that the bioeffect
of low power laser is not thermal, but related rather to7
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cal actions at the cellular level in animal and human tissues.
Nussbaum et al.12 reviewed the tissue interaction of LLLT
as a background to therapeutic applications of low intensity
lasers and other light sources showed that LLLT also has
cartilage stimulatory properties in human. Bassleer et al.13
indicated signiﬁcant stimulation of infrared laser irradiation
on the human articular chondrocytes cultivated in three di-
mensions, and their proteoglycan synthesis quantiﬁed by
radioimmunoassay. Nara et al.14 demonstrated that low
power laser facilitated protein synthesis in ﬁbroblast cells,
thought to be a major bioeffect of tissue repair and was
closely related to activity of target cells. However, most
studies were focused on their cellular or cartilage bioeffects
in vitro. Further investigation of LLLT bioeffects on the se-
verity of arthritis or the cellular activity of arthritic cartilage
in vivo may be more correlated clinically.
For further understanding of the biomechanism of HeeNe
laser in arthritis treatment, and the changes of relative syn-
thesis activity of articular chondrocytes stimulated in various
layers of cartilage, we investigate the induction of muco-
polysaccharide in the arthritic cartilage after HeeNe laser
treatment, and their relationship to the changes of histo-
pathological and arthritis activity indices.
Methods
PREPARATION OF RAT OA
Experimental animals
Seventy-eight mature female rats (Wistar) purchased
from the Animal Center of National Chen Kung University
in Taiwan were used in this study. The animal body weight
was maintained at around 320e350 g throughout the study.
Induction of OA in rats
All animal handling procedures were approved by our
committee of animal welfare. This procedure was performed
as described in previous studies15e17. The 4% papain solu-
tion was prepared by dissolving papain in 10 ml normal sa-
line and ﬁltered through a bacteria ﬁlter. A cysteine solution
(0.03 M) was used as activator. A mixture of 10 ml papain
and 10 ml cysteine solution was injected into the right
knee of each rat three times; on the ﬁrst, fourth, and sev-
enth day of study. The severity of induced arthritis is pro-
gressive with the time periods after papain injection. To
produce early stage of arthritis, we injected the animals 1
week before laser treatment. As a control measure, the
same volume (20 ml) of sterile saline was injected into the
left knee for assessing the ‘‘severity index’’ of induced ar-
thritis by bone scan.
THE 99mTc-UPTAKE MEASUREMENT
The severity of induced arthritis was evaluated by 99mTc
bone scan as described previously15,18. It was introduced
into each animal both before and after laser treatment,
and was followed upon, 2 months later. The rats were se-
dated by an intraperitoneal injection of 0.05% chloral hy-
drate (10 ml/kg) and were demobilized in a splint. The
knees were held in a constant bilateral position with the
aid of a special device to control counting geometry and re-
positioning. A 3-mm-thick lead plate was used to shield
against interference from other parts of the body. One
mCi/kg radioactivity of 99mTcO4
 in 0.2 ml saline wasinjected subcutaneously into the posterior neck region19.
The 99mTc-uptake was measured by bone scan
(TOSHIBA, GCA-90B gamma-camera). The peak ratio of
radioactivity uptake of right and left knees (R/L) was chosen
as the ‘‘severity index’’ of induced OA. The ‘‘severity index’’
increasedprogressivelywith time, andwas closely correlated
with the pathological changes in articular cartilage15.
The rats were selected and classiﬁed into three groups
according to their severity index. Group I: the early stage
with radioactivity ratio ranging from 1.3 to 1.7 (24 rats);
Group II: the intermediate stage with radioactivity ratio rang-
ing from 1.8 to 2.2 (24 rats); and Group III: the late stage
with radioactivity ranging from 2.3 to 2.7 (24 rats). Six rats
were excluded because their severity indices fell out of
the above range. The rats in each group were further as-
signed into two groups, lased study subgroups (Is, IIs,
and IIIs) and control subgroups (Ic, IIc, and IIIc) by a secure
system of sequentially opaque sealed envelope. The arthrit-
ic knees in study subgroups received HeeNe laser treat-
ment, and those in controls received sham laser treatment.
LOW POWER LASER TREATMENT OF INDUCED ARTHRITIS
Rats in the treated groups were demobilized in a chamber
after light ether anesthesia, and bilateral knees were ex-
posed through the side holes of the cage. Laser treatment
with HeeNe 632 nm (Soft laser 632, FRADAMA S.A., Swit-
zerland) set at 3.1 mW/cm2 focused on a 1 cm diameter
over the arthritic knee for 15 min was applied. Each course
of the treatment consisted of three treatments a week for 8
weeks. A sham laser treatment was performed on the right
arthritic knee of control rats with the same apparatus except
that the power switch of HeeNe laser was set to ‘‘off’’.
HISTOPATHOLOGICAL STUDY
Four rats selected randomly from each group (GI, GII,
and GIII) were sacriﬁced under ether anesthesia to study
initial conditions before ultrasound treatment. Another four
rats selected randomly from each group were also sacri-
ﬁced and the arthritic knee joints were disarticulated upon
laser treatment and three of the remaining rats from each
group were then selected for the same study at follow-up
2 months later. Swabs of synovial ﬂuid were cultured to en-
sure that no infection occurred.
After being decalciﬁed in a decalciﬁer (Shandon, Eng-
land) for 12 h, the disarticulated joints were processed be-
fore embedding in parafﬁn wax. Standardized frontal
sections (7 mm) of whole knee joints including both menisci,
cruciate ligaments and patella were prepared16. Half of the
sections were stained with hematoxylin and eosin (HE) for
histopathological studies. Two pathologists carried out blind
evaluation of all histologic changes in the articular cartilages
under light microscopy. The histopathologic ﬁndings includ-
ed ﬂaking, superﬁcial ﬁbrillation, chondrocyte enlargement,
hyalinization, deep ﬁbrillation, pitting, partial cartilage col-
lapse, and total cartilage collapse as found in our previous
study15. The scores of histopathological changes of arthritic
cartilage were measured by the number of histopathologic
ﬁndings.
MEASUREMENT OF MUCOPOLYSACCHARIDE DENSITY
Another half of the sections were stained with Alcian blue
(AB, pH 2.5) for the evaluation of mucopolysaccharide’s dis-
tribution. The density of mucopolysaccharide was evaluated
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Severity indices of induced OA in each subgroup at various time periods
Is Ic IIs IIc IIIs IIIc
Initial 1.57 0.14
(n¼ 12)
1.50 0.17
(n¼ 12)
2.08 0.24
(n¼ 12)
2.16 0.22
(n¼ 12)
2.58 0.37
(n¼ 12)
2.61 0.44
(n¼ 12)
Post-treatment 1.08 0.16*
(n¼ 8)
1.90 0.21*,z
(n¼ 8)
1.61 0.17*
(n¼ 8)
2.30 0.18*,z
(n¼ 7)
2.55 0.30
(n¼ 8)
3.11 0.36*,z
(n¼ 7)
Follow-up (2 months) 1.05 0.14
(n¼ 4)
2.40 0.15y,z
(n¼ 3)
1.58 0.20
(n¼ 4)
2.70 0.21y,z
(n¼ 3)
2.64 0.71
(n¼ 4)
3.31 0.20y,z
(n¼ 3)
Is, IIs, and IIIs: Laser groups; Ic, IIc, and IIIc: Control groups.
*Signiﬁcant change of histopathological scores compared with that of initial (P< 0.05).
ySigniﬁcant change of histopathological scores compared with that of post-treatment (P< 0.05).
zSigniﬁcant difference between treated and control subgroups in different degrees of arthritis (P< 0.05).by Optimas 5.2 scanner (Bioscan, USA). The densities of
mucopolysaccharide stained by AB in tangential, intermedi-
ate and radiating layers were measured and compared with
that of the radiating layer in the control (left) knee. The ratio
of the average of three ROI (range of interest) densities in
each layer to that of radiating layer in the control knee
was deﬁned as the mucopolysaccharide density index.
The changes of density index after laser treatment and fol-
low-up in each group were analyzed, and compared with
the changes of histopathologic ﬁndings and severity
indices.
STATISTICAL ANALYSIS
Wilcoxon’s rank-sum test was performed to determine the
differences in severity indices, differences in histopathologic
scores and differences in mucopolysaccharide density be-
tween treated (Is, IIs, and IIIs) and control (Ic, IIc, and IIIc)
subgroups, and differences between pretreatment and
post-treatment and differences in follow-up in each sub-
group. A statistically signiﬁcant difference was deﬁned as
P value of <0.05. Pearson’s correlation analysis was also
performed to assess the correlation of mucopolysaccharide
density after laser treatment and their histologic scores in
the follow-up.
Results
CHANGES OF SEVERITY INDEX
Table I shows that there were marked differences of se-
verity index among GI, GII and GIII at pre- and post-treat-
ment and follow-up, but there were no differences
between treated and control rats in each group initially.
Therefore, signiﬁcant differences were found between trea-
ted and control groups just completing laser treatment and
follow-up. The severity indices decreased signiﬁcantly insubgroups Is and IIs but not in IIIs, and signiﬁcant increase
of severity indices was found in controls soon after treat-
ment. No further changes of the index were noted in the
treated groups, but progressive increase of the indices
was found in the controls at the follow-up period. This im-
plies that the arthritic reaction decreased during laser treat-
ment, and was stabilized after treatment in the cases of less
severe arthritis; but the laser treatment could only stabilize
the initial condition of severe arthritis.
CHANGES OF HISTOPATHOLOGY
The pathological changes of articular cartilage occurred
as the sequences of surface ﬂaking, superﬁcial ﬁbrillation,
chondrocyte enlargement, cartilage hyalinization, deep
ﬁbrillation, pitting, partial cartilage collapse and total carti-
lage collapse, according to the severity of deteriorative
changes of arthritis. Table II summarizes the histopatho-
logical changes (scored by number of pathologic ﬁndings)
before and after laser treatment, and follow-up 2 months
later. In early stage of arthritis (Is and Ic), the initial artic-
ular cartilage changes included ﬂaking and ﬁbrillation.
There was no remarkable progressive change noted just
upon completion of laser treatment. However, a nearly nor-
mal morphology of cartilage was found in the follow-up 2
months later in treated rats (Is). In untreated rats (Ic),
the progressive changes of articular cartilage were found
including chondrocyte enlargement and hyalinization after
4 weeks, and deep ﬁbrillation change and pitting of carti-
lage 2 months later. In intermediate stage of arthritis (IIs
and IIc), the initial cartilage changes included chondrocyte
enlargement and hyalinization. No remarkable progressive
change occurred just upon completing laser treatment, but
the ratio of chondrocyte enlargement decreased 2 months
later compared with that of the initial stages in treated rats
(IIs). In untreated rats (IIc), the progression change of car-
tilage pitting and deep ﬁbrillation was found 4 weeks laterTable II
Histopathologic scores of induced arthritis in each subgroup at various time periods
Is Ic IIs IIc IIIs IIIc
Initial (n¼ 4) 2.2 0.5 2.4 0.4 4.4 0.6 4.0 0.3 6.3 0.3 6.0 0.4
Post-treatment (n¼ 4) 1.2 0.3* 4.2 0.5*,z 4.2 0.4 6.3 0.4*,z 6.0 0.4 8.3 0.5*,z
Follow-up (2 months) (n¼ 3) 0.2 0.3y 5.7 0.5y,z 3.0 0.6y 7.1 0.4y,z 5.9 0.6 8.8 0.3z
Is, IIs, and IIIs: Laser groups; Ic, IIc, and IIIc: Control groups. All data were obtained from three continuous sections of knee joint in each rat.
*Signiﬁcant change of histopathological scores compared with that of initial (P< 0.05).
ySigniﬁcant change of histopathological scores compared with that of post-treatment (P< 0.05).
zSigniﬁcant difference between treated and control subgroups in different degrees of arthritis (P< 0.05).
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treatment IIs (C), and control rats IIc (D). t: Tangential layer; i: Intermediate layer; and r: Radiating layer of articular cartilage.and partial cartilage loss was noted in follow-up. In late
stage of arthritis (IIIs and IIIc), the initial changes included
deep ﬁbrillation, pitting and marginal hyperplasia, and
these changes were maintained through the 2-month
study period in treated rats (IIIs). In untreated rats (IIIc),
there were progressive changes including partial to total
cartilage loss.
CHANGES OF MUCOPOLYSACCHARIDE DENSITY
The distribution of mucopolysaccharide in normal, treated
(IIs), and control (IIc) rats is shown in Fig. 1. The values of
mucopolysaccharide densities in each group at pre- and
post-treatment and follow-up periods are shown in Table III.The density of mucopolysaccharide is richer in the interme-
diate and radiating layers, and less in tangential layers in
normal cartilage. In cartilage with minor and moderate de-
generative changes, only superﬁcial depletion of mucopoly-
saccharide is lost, but the density in intermediate layers
increased compared with that of normal layers. While pres-
ent in cartilage with severe change, the density of layers
progressively decreased except in radiating layers. After
laser treatment, there were marked increases of mucopoly-
saccharide density in all treated rats compared with those of
the controls. Subsequently, there was a trend of decrease
of mucopolysaccharide density in treated and untreated
rats in the follow-up periods, but this accompanied histolog-
ical repair in treated animals in the follow-up period.Table III
Average mucopolysaccharide density in each cartilage layer of each subgroup at various time periods
Is Ic IIs IIc IIIs IIIc
Pretreated (n¼ 4)
Tangential 0.90 0.03 0.88 0.07 0.46 0.03 0.41 0.04 0.19 0.04 0.17 0.04
Intermediate 1.43 0.02 1.40 0.05 1.25 0.13 1.19 0.06 0.53 0.11 0.60 0.11
Radiating 1.09 0.04 1.10 0.03 1.17 0.06 1.14 0.05 1.05 0.06 0.89 0.15
Post-treated (n¼ 4)
Tangential 1.27 0.13* 0.76 0.04z 0.91 0.07* 0.23 0.04*,z 0.17 0.06 0.10 0.04*,z
Intermediate 1.74 0.07* 1.15 0.05z 1.61 0.05* 0.71 0.03*,z 0.69 0.10* 0.27 0.05*,z
Radiating 1.49 0.04* 1.25 0.14 1.47 0.06* 1.17 0.09 1.07 0.05 0.47 0.03*,z
Follow-up (n¼ 3)
Tangential 1.17 0.15 0.49 0.05y,z 0.65 0.17y 0.11 0.03y,z 0.13 0.03 ND
Intermediate 1.27 0.05y 0.78 0.03y,z 1.11 0.05y 0.44 0.07y,z 0.61 0.04 ND
Radiating 1.29 0.03 1.05 0.05 1.37 0.03 0.88 0.07y 1.09 0.05 ND
Is, IIs, and IIIs: Laser groups; Ic, IIc, and IIIc: Control groups. Mucopolysaccharide density: mean SD (standard deviation). ND: presence
of mucopolysaccharide not detected. All data were obtained from three continuous sections of knee joint in each rat.
*Signiﬁcant change of mucopolysaccharide density compared with that of initial (P< 0.05).
ySigniﬁcant change of mucopolysaccharide density compared with that of post-treatment (P< 0.05).
zSigniﬁcant difference between treated and control subgroups in different degrees of arthritis (P< 0.05).
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MUCOPOLYSACCHARIDE DENSITY
Figure 2 shows the relationships of severity indices and
the densities of average mucopolysaccharide density in
both treated and control rats at pre- and post-laser treat-
ment and follow-up periods. The condition with severity
Fig. 2. The correlations of severity indices (C, B) and mucopoly-
saccharide densities (;,7) with serial time periods in each treated
(Is, IIs, and IIIs;C,;) and untreated control (Ic, IIc, and IIIc;B,7)
groups are shown in AeC. A: The relationships of the factors in Is
and Ic; B: the relationships in IIs and IIc; C: the relationships in IIIs
and IIIc. The original state (before induction of arthritis) with severity
index 1.0 and mucopolysaccharide density 1.0, and the serial
states were pre-, post-laser treatment and follow-up periods. The
arrow (/) indicates the initial of laser treatment.index 1.0 and density of mucopolysaccharide 1.0 was that
of the cartilage before induction of arthritis. The increase
of severity indices in each group depended on the time du-
ration post intra-articular injection of papain15. However, the
density of mucopolysaccharide rose only in GI rats, and de-
creased in GII and GIII rats before laser treatment. After
treatment and in the follow-up periods, the severity indices
increased gradually and the densities of mucopolysaccha-
ride decreased progressively in all control rats. However,
the density of mucopolysaccharide increased in all treated
rats, but only marked decrease of the severity indices
appeared in Is and IIs rats after laser treatment. In the
follow-up period, it showed that the densities of mucopoly-
saccharide decayed with the decrease of severity index in
Is and IIs. It implied that the density of mucopolysaccharide
for subjects having just completed laser treatment was
closely related to the therapeutic effect of HeeNe laser
treatment on arthritic cartilage.
THE RELATIONSHIP OF HISTOPATHOLOGICAL CHANGES
AND MUCOPOLYSACCHARIDE DENSITIES
Figure 3 shows the relationship between average muco-
polysaccharide densities just on completion of treatment
and their histopathological scores found at follow-up. The
histopathological scores were measured by the number of
pathological ﬁndings as described above. The results
showed that the densities of mucopolysaccharide were lin-
early conversely related with the histopathological scores
(r¼ 0.72), according to which the density of mucopolysac-
charide obtained after laser treatment will have a better car-
tilage repair effect in the follow-up.
Discussion
OA is well known as a noninﬂammatory progressive ar-
thritis, and characteristics of histopathological ﬁndings re-
veal that it is a reactive arthritis such as osteophyte
formation. The increased rate of glycosaminoglycan synthe-
sis in early degenerative disease7,19,20 indicates the attempt
to repair under homeostatic reaction. Furthermore, the his-
topathological change of articular cartilage depends on the
rate of degradation and synthesis of glycosaminoglycan.
When the disease proceeds to the stage in which there is
Fig. 3. The correlation of mucopolysaccharide densities post-laser
treatment and the histopathological scores during the follow-up.
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decrease in the rate of glycosaminoglycan synthesis by
chondrocytes7. Alternatively, HeeNe laser stimulates chon-
drocytes to increase production of proteoglycan complexes
of high molecular weight, an effect more pronounced in de-
generate rather than in normal cartilage, which results in the
repair of arthritic cartilage in early stages.
It has been well recognized that articular cartilage is
a stratiﬁed tissue, with depth-related variations in chondro-
cytic morphology, in orientation and diameter of collagen ﬁ-
bers, and in content and types of proteoglycans21,22. These
differences in the matrix result, at least in part, from meta-
bolic specialization among the resident cells, and it has re-
cently been demonstrated that in in vitro culture,
chondrocytes continue to express metabolic differences
which are related to their original location within the carti-
lage. Chondrocytes isolated from deep in the articular carti-
lage synthesized keratan sulfate (but not cells from the
superﬁcial zone), a difference keeping the higher content
of keratan sulfate in deep regions of the tissue. Hardingham
and Bayliss23 reported that most of the cells from the super-
ﬁcial layer adjacent to the synovial cavity deposit very small
amounts of extracellular matrix containing prostaglandins
(PGs), while nearly all cells derived from the deep zone
close to the tidemark, produce a well-organized matrix
rich in proteoglycans. These demonstrations are compatible
with the results presented here, that only the mucopolysac-
charide density increasing in intermediate layers of the car-
tilage in early stages and increasing in the intermediate and
radiating layers at later stages, could facilitate the repair of
cartilage at the former while preventing deteriorative
changes at the later.
The severity indices indicate the local and general arthritic
reaction in the arthritic joint. In the early stage, it implied the
homeostatic reaction occurred prominently in the tangential
and intermediate layers, and it showed the degenerative ac-
tivity in intermediate and radiating layers at later stages.
When the homeostatic reaction was enhanced or the degen-
erative activity decreased through an effective treatment, the
severity index also decreased, otherwise, it increased pro-
gressively. The results suggest that the changes of severity
indices are inversely proportional to the trend of mucopoly-
saccharide synthesis. Therefore, any treatment which could
facilitate the synthesis of mucopolysaccharide to a critical
level and decrease the severity index to a stable condition
will result in the repair of arthritic cartilage.
Previous studies suggest that laser photostimulation in-
creases ATP synthesis, promotes nucleic acid production
and augments cell division24,25. In addition, it has been
shown that HeeNe laser is capable of stimulating matrix
collagen production by skin ﬁbroblasts26. Hecht27 reported
that the effects of HeeNe laser radiation are initiated at cel-
lular and subcellular levels that cause electronic excitation
of the photoacceptor molecules. Karu28 has suggested
that four possible events follow electronic excitation of the
photoacceptors including the changes in redox properties;
formation of superoxide and single oxygen; and change in
biochemical activity. The electron transport in the mitochon-
drial membrane is one of the main fueling mechanisms un-
derpinning metabolism and proliferation of cells including
generation of ATP from ADP, which could manifest itself
as increased DNA and syntheses of protein and mucopoly-
saccharides as shown in present study.
The studies by Bassleer et al.13 indicated that the carti-
lage stimulatory properties of laser radiation are not limited
to a wavelength of 1064 nm. Human chondrocytes main-
tained in suspension culture were radiated using an infraredlaser (904 nm wavelength), and proteoglycan synthesis as
quantiﬁed by radioimmunoassay was signiﬁcantly in-
creased by speciﬁc energy levels. The above ﬁndings are
compatible with our present results, implying that chondro-
cyte synthetic activity can be obtained through different
wavelengths of lasers, if the effective energy level is
applied.
Table III showed that the increase of mucopolysaccharide
in treated groups was found in tangential, intermediate, and
radiating layers in various severity of arthritic cartilage after
laser treatment. It implied that the laser is therefore not only
accurately precise for immediate localized action, but also
performs the ‘lasting’ effect, which accompanies LLLT treat-
ment. In reviewing the biological effects of laser treatment
may be due to the many target levels, from whole tissue
units down to the organelles of cells, and from superﬁcial
level to deeper level29. This has also been noted by patients
after successive therapeutic clinical sessions, however, it
warrants further investigation to clarify the advanced bioef-
fects of LLLT in the future.
In conclusion, the HeeNe laser enhanced mucopolysac-
charide production in different depths of arthritic cartilage,
and is related to the histopathologic effect of low power la-
ser in the treatment of experimental OA.
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